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[57] ABSTRACT 

Novel methods of using thiazolidinone derivatives and 
related antihyperglycemic agents to treat populations expe- 
riencing impaired glucose intolerance in order to prevent or 
delay the onset of noninsulin-dependent diabetes mellitus 
(NIDDM) and complications arising therefrom are dis- 
closed. 

23 Claims, No Drawings 
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USE OF THIAZOLIDINEDIONE 
DERIVATIVES AND RELATED 
ANTIHYPERGLYCEMIC AGENTS IN THE 

TREATMENT OF IMPAIRED GLUCOSE 
TOLERANCE IN ORDER TO PREVENT OR 
DELAY THE ONSET OF 
NONINSULIN-DEPENDENT DIABETES 
MELLITUS 



CROSS-REFERENCE TO RELATED 
APPLICAnON 

This is a continuation-in-part of U.S. application Ser. No. 
08/122251 filed Sep. 15, 1993 now abandoned. 

FIELD OF THE INVENTION 

The present invention pertains to a number of compounds 
which can be used to treat impaired glucose tolerance in 
order to prevent or delay the onset of noninsulin-dependent 
diabetes mellitus (NIDDM). More specifically, the present 
invention involves in one embodiment administering to a 
patient certain known thiazolidinedione derivatives and 
related antihyperglycemic agents which reduce fasting insu- 
lin levels and return normal glucose tolerance to an indi- 
vidual, thus preventmg or delaying the onset of NIDDM or 
complications resulting therefrom. 

BACKGROUND 30 

Diabetes is one of the most prevalent chronic disorders 
worldwide with significant personal and financial costs for 
patients and their.families, as well as for society. Different 
types of diabetes exist with distinct etiologies and patho- 
geneses. For example, diabetes mellitus is a disorder of 
carbohydrate metabolism, characterized by hyperglycemia 
and glycosuria and resulting from inadequate production or 
utilization of insulin. 

Diabetes mellitus often develops firam certain at risk 
populations, one such population is individuals with, 
impaired glucose tolerance (IGT). Impaired glucose toler- 
ance is a condition intermediate between frank, noninsulin- 
dependent diabetes mellitus and normal glucose tolerance in 
which the affected person's postprandial glucose response is 
abnormal as assessed by 2-hour postprandial plasma glucose 
levels. This IGT population progresses to a certain form of 
diabetes mellitus, specifically noninsulin-dependent diabe- 
tes melUtus (NIDDM). 

NIDDM or otherwise referred to as lype II diabetes is the 
form of diabetes mellitus which occurs predominantly in 
adults in whom adequate production of insulin is available 
for use, yet a defect exists in insulin-mediated utilization and 
metabolism of glucose in peripheral tissues. It has been 
shown that for some people with diabetes a genetic predis- 
position results in a mutation in the gene(s) coding for 
insulin and/or the insulin receptor and/or insulin-mediated 
signal transduction factor(s), thereby resulting in ineffective 
insulin and/or insulin-mediated effects thus impaking the 
utilization or metabolism of glucose. The population with 
impaired glucose tolerance progresses to NIDDM at a rate of 
5% to 10% of cases per year. 

Failure to treat NIDDM can result in mortality due to 
cardiovascular disease and in other diabetic complications 
including retinopatiiy, nephropathy, and peripheral neuropa- 
thy. For many years treatment of NIDDM has involved a 
program aimed at lowering blood sugar with a combination 
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of diet and exercise. Alternatively, treatment of NIDDM 
involved oral hypoglycemic agents, such as sulfonylureas 
alone or in combination witii insulin injections. Recentiy, 
alpha-glucosidase inhibitors, such as acarbose, have been 
shown to be effective in reducing the postprandial rise in 
blood glucose (Lefevre, et al.. Drugs 1992;44: 29-38). In 
Europe and Canada another treatment used primarily in 
obese diabetics is metformin, a biguanide. 

In any event, what is required is a method of treating 
populations experiencing impaired glucose tolerance in 
order to prevent or delay tiie onset of NIDDM thereby 
bringing relief of symptoms, improving the quality of life, 
preventing acute and long-term complications, reducing 
mortality and treating accompanymg disorders of those at 
risk for NIDDM. The methods of using the disclosed com- 
pounds for treating populations experiencing impaired glu- 
cose tolerance to prevent or delay the onset of NIDDM as 
taught herein meet these objectives. 

Compounds usefiil for practicing the present invention, 
and methods of making these compoimds are known. Some 
of these compounds are disclosed m WO 91/07107; WO 
92/02520; WO 94/01433; WO 89/08651; JP Kokai 69383/ 
92; U.S. Pat. Nos. 4,287,200; 4,340,605; 4,438,141; 4,444, 
779; 4,461,902; 4,572,912; 4,687,777; 4,703,052; 4,725, 
610; 4,873,255; 4,897,393; 4,897,405; 4,918,091; 4,948, 
900; 5,002,953; 5,061,717; 5,120,754; 5,132,317; 5,194, 
443; 5,223,522; 5,232,925; and 5,260,445. The active 
compounds disclosed in these publications are useful as 
therapeutic agents for the treatment of diabetes, hypergly- 
cemia, hypercholesterolemia, and hyperiipidemia. The dis- 
closure of these publications are incorporated herein by 
reference in particular with respect to the active compounds 
disclosed therein, and methods of preparation thereof. These 
compounds are useful for the treatment of impaired glucose 
tolerance (IGI) in order to prevent or delay onset of NIDDM 
and complications resulting therefrom, in accordance with 
the present invention. 

There is no disclosure in the above-identified references 
to use the compounds identified in this present application in 
the treatment of populations experiencing impaired glucose 
tolerance in order to prevent or delay die onset of NIDDM 
and complications resulting therefrom. 



SUMMARY OF THE INVENTION 

The present invention provides a method for the treatment 
of impaired glucose tolerance in order to prevent or delay the 
onset of NIDDM. It is known that persons with impaired 
glucose tolerance have a much higher rate of progression to 
NIDDM than persons with normal glucose tolerance. Saad, 
ci New Engl J Med 1988; 319:1500-6. If impaired 
glucose tolerance can be normalized, it is likely that the 
progression to NIDDM will be delayed or prevented in this 
population. 

Compounds useful for practicing the present invention 
reduce fasting insulin levels, improve insulin sensitivity, and 
return glucose tolerance to the normal range for many 
individuals. As agents having the aforementioned effects (in 
the return of glucose tolerance), the compounds of the 
following formulas are useful in prophylactically treating 
individuals to prevent or delay the onset of NIDDM. 
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Accordingly, ±e present invention is the use of com- 
pounds of Formula I 



R30 




C=Y 

I 

NH 



v/hcrein and are the same or different and each 
represents a hydrogen atom or a Cj-C^ alkyl group; 
R^ represents a hydrogen atom, a Ci-C^ aliphatic acyl 
group, an alicyclic acyl group, an aromatic acyl group, 
a heterocyclic acyl group, an araliphatic acyl group, a 
(Ci-Cg alkoxy)carbonyl group, or an aralkyloxycarbo- 
nyl group; 

R"^ and R^ are the same or different and each represents a 
hydrogen atom, a C1-C5 alkyl group or a €,-€5 alkoxy 
group, or R"^ and R^ together represent a C1-C5 alky- 
lenedioxy group; 

n is 1, 2, or 3; 

W represents the — CH2— , >CO, or CH— OR^ group (in 
which R* represents any one of the atoms or groups 
defined for R^ and may be the same as or different from 
R^);and 

Y and Z are the same or different and each represents an 
oxygen atom or an imino (=NH) group; 

and pharmaceutically acceptable salts thereof. 
The present invention is also the use of compounds of the 
Formula II 
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20 



25 



30 
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40 




II 



C=C 



NH 



45 



wherein Rjj is substituted or unsubstituted alkyl, alkoxy, 
cycloalkyl, phenylalkyl, phenyl, aromatic acyl group, a 5- or 
6-membered heterocyclic group including 1 or 2 heteroat- 
oms selected from the group consisting of nitrogen, oxygen, 
and sulfur, or a group of the formula 



50 



55 



Rl3 



Rl4 



\ 

I 

/ 



60 



wherein R,3 and R14 are the same or different and each is 
lower alkyl or R13 and Ri4 are combined to each other either 
directly or as interrupted by a heteroatom selected from the 
group consisting of nitrogen, oxygen, and sulfur to form a 5- 
or 6-membered ring; wherein Rjj means a bond or a lower 65 
alkylene group; and wherein Lj and L2 are the same or 
different and each is hydrogen or lower alkyl or L, and Lj 



are combined to form an alkylene group; or a pharmaceu- 
tically acceptable salt thereof. 

The present invention is also the use of compounds of the 
Formula ni 



N 



m 



10 




(CH2), 



o 



N 



O 



H 



Rl5 II16 

wherein R15 and R^^j are independently hydrogen, lower 
alkyl containing 1 to 6 carbon atoms, alkoxy containing 1 to 
6 carbon atoms, halogen, ethynyl, nitrite, methylthio, trif- 
luoromethyl, vinyl, nitro. or halogen substimted benzyloxy; 
n is 0 to 4 and the pharmaceutically acceptable salts thereof. 

The present invention is also direaed to the use of 
compounds of the Formula IV 



IV 



^^^^ 




zr 

wherein the dotted line represents a bond or no bond; 

V is ~CH=GH— — Nf=GH— -<:h=N— or S; 
D is CH2, CHOH, CO. C=N0Ri7 or CH=CH; 

X is S, O, NR^g. -"CH=N or — N==:GH; 

Y is CH or N; 

Z is hydrogen, (C^-Cj) alkyl (Ci-C7)cycloalkyl, phenyl, 
naphthyl, pyridyl, furyl, thienyl, or phenyl mono- or 
disubstituted with the same or different groups which 
are (Ci-C3)alkyl, trifluoromethyl, (Ci-C3)alkoxy, 
fluoro, chloro, or bromo; 

Zj is hydrogen or (Ci-C3)alkyl; 

Ri7 and R^g are each independently hydrogen or methyl; 
and 

n is 1, 2, or 3; 

the pharmaceutically acceptable cationic salts thereof; and 
the pharmaceutically acceptable acid addition salts thereof 
when the compound contains a basic nitrogen. 

The present invention is also directed to the use of 
compounds of the Formula V 




wherein the dotted line represents a bond or no bond; 

A and B are each independently CH or N, with the proviso 
that when A or B is N, the other is CH; 

Xj is S. SO, SO2, CH2, CHOH, or CO; 
n is 0 or 1; 

Yi is CHR20 or R21, with the proviso that when n is 1 and 
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Yi is NR21, Xi is SO2 or CO; 
Z2 is CHR22, CH2CH2, CH--CH, 



CH^ CH, 

\ / 
O 



OCH2, SCH2, SOCH2 or SO2CH2; 

Ri9» ^20^ acid R22 are each independently hydrogen 
or methyl; and 

X2 and X3 are each independently hydrogen, methyl, 
Uifiuoroinethyl, phenyl, benzyl, hydroxy, methoxy, 
phenoxy, benzyloxy, bromo, cMoro, or fluoro; 

a pharmaceutically acceptable cationic salt thereof; or 

a pharmaceuticaliy acceptable acid addition salt thereof 

when A or B is N. 
The present invention also relates to the use of com- 
pounds of the Formula VI 



or a pharmaceutically acceptable salt thereof wherein R23 is 
allcyl of 1 to 6 caibon atoms, cycloalkyl of 3 to 7 carbon 
atoms, phenyl or mono- or di-substituted phenyl wherein 
said substituents are independently alkyl of 1 to 6 carbon 
atoms, alkoxy of 1 to 3 carbon atoms, halogen, or trifluo- 
romethyl. 

The present invention also provides the use of a com- 
pound of Formula VII 



10 



15 



20 




n represents an integer in the range of from 2 to 6. 
The present invention also provides the use of a com- 
pound of Formula VIE 



R27-CO 



Ris-CO 



„-Xr-/^A4^ CH-4^ 



o vni 



\ 

/ V / ' NH 



O 

or a tautomeric form thereof and/or a pharmaceutically 
acceptable salt thereof, and/or a pharmaceutically acceptable 
solvate ±erefor, wherein: 

R27 and each independently rcprcsrat an alkyl group, 
a substituted or unsuhstituted aiyl group, or an aralkyl 
group being substituted or unsuhstituted in the aryl or 
alkyl moiety; or R27 together with Rjs represents a 
linking group, the linking group consisting of an 
optionally substituted methylene group and either a 
further optionally substituted methylene group or an O 
or S atom, optional substituents for the said methylene 
groups being selected from alkyl-, aryl, or aralkyl, or 
substituents of adjacent methylene groups together 
with the carbon atoms to which they are attatched form 
a substituted or unsuhstituted phenylene group; 
R29 and R30 each represent hydrogen, or R29 and R30 
together represent a bond; 

30 A4 represents a benzene ring having m total up to 3 
optional substituents; 
X5 represents O or S; and 

n represents an integer in the range of from 2 to 6. 
The present invention also provides the use of a com- 
35 pound of Formula DC 



R24 

Ai-0-C0-N"(CH2)«— 



vn 




A3- 



CH-C \ 40 
I NH 

o 

or a tautoineric form thereof and/or a pharmaceutically 45 
acceptable salt thereof, and/or a pharmaceutically acceptable 
solvate thereof, wherein: 

A2 represents an alkyl group, a substituted or unsuhsti- 
tuted aiyl group, or an aralkyl group wherein the 
alkylene or the atyl moiety may be substituted or 50 
unsuhstituted; 

A3 represents a benzene ring having in total up to 3 
optional substituents; 

R24 represents a hydrogen atom, an alkyl group, an acyl 
group, an aralkyl group wherein the alkyl or the aryl 
moiety may be substituted or unsuhstituted, or a sub- 
stituted or unsuhstituted aryl group; or A^ together with 
R24 represents substituted or unsuhstituted C2.3 poly- 
methylene group, optional substituents for the polym- 
ethylene group being selected from alkyl or aryl or 
adjacent substituents together with the methylene car- 
bon atoms to which they are attached form a substituted 
or unsuhstituted phenylene group; 

R25 and R26 each represent hydrogen, or R25 and R26 55 
together represent a bond; 

X4 represents O or S; and 



55 



60 



A5-X6-(CH2)„-Ya- 




IX 



NH 



or a tautomeric form thereof and/or a pharmaceutically 
acceptable salt thereof, and/or a pharmaceutically acceptable 
solvate thereof, wherein: 

A5 represents a substituted or imsubstituted aromatic 
heterocyclyl group; 

Afi represents a benzene ring having in total up to 5 
substituents; 

Xg represents O, S, or NR32 wherein R32 represents a 
hydrogen atom, an alkyl group, an acyl group, an 
aralkyl group, wherein the aryl moiety may be substi- 
tuted or unsuhstituted, or a substituted or unsuhstituted 
aryl group; 

Y2 represents O or S; 

R31 represents an alkyl, aralkyl, or aryl group; and 

n represents an integer in the range of from 2 to 6. 

Suitable aromatic heterocyclyl groups include substituted 
or unsuhstituted, single or fused ring aromatic heterocyclyl 
groups comprising up to 4 hetero atoms in each ring selected 
from oxygen, sulphur, or nitrogen. 

Favored aromatic heterocyclyl groups include substituted 
or unsuhstituted single ring aromatic heterocyclyl groups 
having 4 to 7 ring atoms, preferably 5 or 6 ring atoms. 
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In particular, the arotnatic hetcrocyclyl group comprises 
1, 2, or 3 heteroatoms, especially 1 or 2, selected from 
oxygen, sulphur, or nitrogen. 

Suitable values for A5 when it represents a 5-membered 
aromatic heterocyclyl group include thiazolyl and oxazoyl, 
especially oxazoyl. 

Suitable values for A5 when it represents a 6-membered 
aromatic heterocyclyl group include pyridyl or pyrimidinyl. 

Suitable Rji represents an alkyl group, in particular a Cj^^ 
alkyl group, for example a methyl group. Preferably, A5 
represents a moiety of formula (a), (b), or (c): 



(a) 




wherein: 



R 



33 and R34 each independently represents a hydrogen 




wherein R35 and R36 each independently represent hydro- 
gen, halogen, substituted or unsubstituted alkyl, or alkoxy. 

The present invention also provides for the use of com- 
pounds for Formula X 



A7-X8-(CH2)n-Y3- 




10 



15 



(b) 



20 



(c) 



25 



atom, an alkyl group, or a substituted or unsubstituted 30 
aryl group or when R33 and R34 are each attached to 
adjacent carbon atoms, then R33 and R34 together with 
the carbon atoms to which they are attached form a 
benzene ring wherein each carbon atom represented by 
R33 and R34 together may be substituted or unsubsti- 
tuted; and in the moiety of Formula (a), X7 represents 
oxygen or sulphur. 
In one favored aspect R33 and R34 together represent a 
moiety of Formula (d): 



35 



40 



(d) 
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or a tautomeric form thereof and/or a pharmaceutically 
acceptable salt thereof, and/or a pharmaceutically acceptable 
solvate thereof, wherein: 
A7 represents a substimted or unsubstituted aryl group; 

Ag represents a benzene ring having in total up to 5 
substiments; 

Xg represents O, S, or NRgg wherein R39 represents a 65 
hydrogen atom, an alkyl group, an acyl group, an 
aralkyl group, wherein the aryl moiety may be substi- 



8 



tuted or unsubstituted, or a substituted or unsubstituted 
aryl group; * 

Y3 represents O or S; 

R37 represents hydrogen; 

R38 represents hydrogen or an alkyl, aralkyl, or aiyl group 
or R37 together vnth Rjg represents a bond; and n 
represents an integer in the range of firom 2 to 6. 

The present invention is also directed to the use of 
compounds of the Formula 



J 

A»-N-(CH2)fl- 




XI 



or a tautomeric form thereof and/or a pharmaceutically 
acceptable salt thereof, and/or a pharmaceutically acceptable 
solvate thereof, wherein: 
A^ represents a substituted or unsubstituted aromatic 

heterocyclyl group; 
R* represents a hydrogen atom, an alkyl group, an acyl 
group, an aralkyl group, wherein the aryl moiety may 
be substituted or unsubstituted, or a substituted or 
unsubstituted aryl group; 

A^ represents a benzene ring having in total up to five 
substituents; and n represents an integer in die range of 
from 2 to 6. 

Suitable aromatic heterocyclyl groups include substituted 
or unsubstituted, single or fiised ring aromatic heterocyclyl 
groups comprising up to 4 hereto atoms in each ring selected 
from oxygen, sulphur or nitrogen. 

Favoured aromatic heterocyclyl groups include substi- 
tuted or unsubstituted single ring aromatic heterocyclyl 
groups having 4 to 7 ring atoms, preferably 5 or 6 ring 
atoms. 

In particular, the aromatic heterocyclyl group comprises 
1, 2 or 3 heteroatoms, especially 1 to 2, selected from 
oxygen, sulphur or nitrogen. 

Suitable values for A^ when it represents a 5-membered 
aromatic heterocyclyl group include thiazoylyl and 
oxazolyl, especially oxazolyl 

Siutable values for A^ when it represents a 6-membered 
aromatic lieterocyclyl group include pyridyl or pyrimidinyl. 

Preferably, A^ represents a moiety of formula (a), (b) or 
(c): . 



(a) 




(b) 



(c) 



wherein: 

R"* and R^ each independentiy represents a hydrogen 
atom, an alkyl group or a substimted or unsubstituted 



5,478,852 



aryl group or when R"^ and are each attached to 
adjacent carbon atoms, then R"^ and R^ together with 
the carbon atoms to which they are attached form a 
benzene ring wherein each carbon atom represented by 
R^ and R^ together may be substituted or unsubstituted; 
and in the moiety of formula (a) X represents oxygen 
or sul phur. 

The present invention is also directed to the use of 
compounds of the Formulas 



xn 
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15 



xni 



20 



25 



or a pharmaceutically acceptable salt thereof wherein the 
dotted Une represents a bond or no bond; R is cycloalkyl of 
three to seven carbon atoms, naphthyl, Ihienyl, fuiyl, phenyl 



10 



is methyl and A is O. Especially preferred within this group 
are compounds where B is CH and R is phenol, p-tolyl, 
m-tolyl, cyclohexyl and 2-naphthyl. Also especially pre- 
ferred is the compound where B is N and R is phenyl. 

A still further embodiment of the piresent invention is the 
use of a pharmaceutical composition for administering an 
effective amount of a compound of the preceding Foimulas 
I through Xin along with a pharmaceutically acceptable 
carrier in unit dosage form in the treatment methods men- 
tioned above. 



DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The compounds used in the treatment methods of the 
invention, which are 5-[4-(chromoanalkoxy)benzyl]-thiaz- 
olidene derivatives, may be represented by tfie Formulas 
aa), (lb), and Oc) 




R30 



aa) 



CH2— CH 



S NH 




(lb) 




CH2-CH 



Z 



C=Y 
I 

NH 



CH 

I . 
S 



55 



C=Y 
I 

NH 



or substituted phenyl wherein said substituent is alkyl of one 
to three carbon atoms, alkoxy of one to three carbon atoms, 
trifluoromethyl, chloro, fluoro or bi8(trifluoromethyl); Ri is 
alkyl of one to three carbon atoms; X is O or C==0; A is O 
or S; and B is N or CH. 

A preferred group of compounds are those of formula XI 
wherein the dotted line represents no bond, Rj is methyl, X 
is O and A is O. Especially preferred within this group are 
the compoimds where R is phenyl, 2-naphthyl and 3,5- 
bis(trifluoromethyl)phenyl. 

A second group of preferred compounds are those of 
formula XII wherein the dotted line represents no bond, Rj 



60 
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(in which R\ R\ R^ R^ R^ R^ n, Y, and Z are as defined 
above) and include pharmaceutically acceptable salts 
thereof. 

In the compounds of the invention where or R^ 
represents an alkyl group, this may be a straight or branched 
chain alkyl group having having from 1 to 5 carbon atoms 
and is preferably a primary or secondary alkyl group, for 
example the methyl, ethyl, propyl, isopropyl, butyl, isobutyl, 
pentyl, or isopentyl group. 

Where R^, R^, or R^' represents an aliphatic acyl group, 
this preferably has from 1 to 6 carbon atoms and may 
include one or more carbon-carbon double or triple bonds. 
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Examples of such groups include the formyl, acetyl* pro- 
pionyl, butyryl, isobutyryl, pivaloyU hexanoyl, acryloyl, 
methacryloyl, and crotonyl groups. 

Where R^, R^, or R**' represents an alicyclic acyl group, it 
is preferably a cyclopentanecarbonyl, cyclohexanecarbonyl, 5 
or cycloheptanecarbonyl group. 

AVhere R^, R®, or R represents an aromatic acyl group, 
the aromatic moiety thereof may optionally have one or 
more substituents (for example, nitro, amino, alkylamino, 
dialkylamino, alkoxy, halo, alkyl, or hydroxy substituents); 
examples of such aromatic acyl groups included the ben- 
zoyl, p-nitrobcnzoyl, m-fiuorobenzoyl, o-chlorobenzoyl, 
p-aihinobenzoyl, m-(dimethylaniino)benzoyl, o-methoxy- 
benzoyl, 3,4-dichloroben2oyl, 3,5-di-t-butyl-4-hydroxyben- 
zoyl, and 1-naphthoyl groups. 

Where R^, R^, or R*' represents a heterocyclic acyl group, 
the heterocyclic moiety thereof preferably has one or more, 
preferably one, oxygen, sulfur, or nitrogen hetero atoms and 
has from 4 to 7 ring atoms; examples of such heterocyclic 
acyl groups include the 2-furoyl, 3-thenoyl, 3-pyridinecar- 
bonyl (nicotinoyl), and 4-pyridinecarbonyl groups. 

Where R^, R^, or R*' represents an araliphatic acyl group, 
the aliphatic moiety thereof may optionally have one or 
more carbon-carbon double or triple bonds and the aryl 
moiety thereof may optionally have one or more substituents 
(for example, nitro, amino, alkylamino, dialkylamino, 
alkoxy, halo, alkyl, or hydroxy substituents); examples of 
such araliphatic acyl groups include the phenylacetyi, 
p-chlorophenylacetyl, phenylpropionyl, and dnnamoyl 
groups. 

Where R^, R^, or R*' represents a {C^-C^ alkoxy)cari)onyl ^" 
group, the alkyl moiety thereof may be any one of those 
alkyl groups as defined for R^ and R^, but is preferably a 
methyl or ethyl group, and the alkoxycarbonyl group rep- 
resented by R^, R*, or R**' is therefore preferably a meth- 
oxycarbonyl or ethoxycarbonyl group. 

Where R^, R^, or R^' represents an aralkyloxycarbonyl 
group, the aralkyl moiety thereof may be any one of those 
included within the araliphatic acyl group represented by R^, 
R^, or R^", but is preferably a benzyloxycarbonyl group. 

Where R"^ and R^ represent alkyl groups, they may be the 
same or diflFerent and may be straight or bnuached chain 
alkyl groups. They preferably have from 1 to 5 carbon atoms 
and examples include the methyl, ethyl, propyl, isopropyl, 
butyl, isobutyl, t-butyl, pentyl, and isopentyl groups. 

Where R"^ and R^ represent alkoxy groups, these may be 
the same or different and may be straight or branched chain 
groups, preferably having from 1 to 4 carbon atoms. 
Examples include the methoxy, ethoxy, propoxy, isopro- 
poxy, and butoxy groups. Alternatively, R** and R^ may 
together represent a C1-C4 alkylenedioxy group, more pref- 
erably a methylencdioxy or ethylenedioxy group. 

Preferred classes of compounds of Formula I are as 
follows: 

(1) Compounds in which R^ represents a hydrogen atom, 
a Cj-Cg aliphatic acyl group, an aromatic acyl group, 
or a heterocyclic acyl group. 

(2) Compounds in which Y represents an oxygen atom; R' 
and R^ are the same or different and each represents a 
hydrogen atom or a Cj-C^ alkyl group; R^ represents ^ 
a hydrogen atom, a C^-C^ aliphatic acyl group, an 
aromatic acyl group, or a pyridinecarbonyl group; and 
R"* and R^ are the same or different and each represents 

a hydrogen atom, a C1-C5 alkyl group, or a Cj or C2 
alkoxy group. 65 

(3) Compounds as defined in (2) above, in which: R\ R^, 
R'*, and R^ are the same or different and each represents 
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a hydrogen atom or a C,-C5 alkyl group; n is 1 or 2; 
and W represents the — CHj — or >C0 group. 

(4) Compounds as defined in (3) above, in which R^ 
represents a hydrogen atom, a Cj-Cj aliphatic acyl 
group, a benzoyl group, or a nicotinyl group. 

(5) Compounds as defined in (4) above* in which: R' and 
R"* are the same or different and each represents a 
C1-C5 alkyl group; R^ and R^ are the same or different 
and each represents the hydrogen atom or the methyl 
group; and R^ represents a hydrogen atom or a C1-C4 
aliphatic acyl group. 

(6) Compounds in which: W represents the — CH2— or 
>CO group; Y and Z bo± represent oxygen atoms; n is 
1 or 2; R and R"^ are the same or different and each 
represents a €^-€4 alkyl group; R^ and R^ are the same 
or different and each represents the hydrogen atom or 
the methyl group; and R^ represents a hydrogen atom 
or a C1-C4 aliphatic acyl group. 

(7) Compounds as defined in (6) above, in which n is 1. 

(8) Compounds as defined in (6) or (7) above, in which W 
represents the — CH2 — group. 

Preferred compounds among the compounds of Formula 
I are those wherein: 

R^ is a Ci-C4 alkyl group, more preferably a methyl or 
isobutyl group, most preferably a methyl group; 

R^ is a hydrogen atom or a C1-C4 alkyl group, preferably 
a hydrogen atom, or a methyl or isopropyl group, more 
preferably a hydrogen atom or a methyl group, most 
preferably a methyl group; 

R^is a hydrogen atom, a C1-C4 aliphatic acyl group, an 
aronlatic acyl group or a pyridinecarbonyl group, pref- 
erably a hydrogen atom, or an acetyl, butyryl, benzoyl, 
or nicotinyl group, more preferably a hydrogen atom or 
an acetyl, butyryl or benzoyl group, most preferably a 
hydrogen atom or an acetyl group; 

R"* is a hydrogen atom, a Ci-C4 alkyl group or a Cj or C2 
alkoxy group, preferably a methyl, isopropyl, t-butyl, 
or methoxy group, more preferably a methyl or t-butyl 
group, most preferably a methyl group; 

R^ is a hydrogen atom, a C1-C4 alkyl group or a Cj or C2 
alkoxy group, preferably a hydrogen atom, or a methyl 
or methoxy group, more preferably a hydrogen atom or 
a methyl group, and most preferably a methyl group; 

n is 1 or 2, preferably 1; 
Y is an oxygen atom; 

Z is an oxygen atom or an imino group, most preferably 

an oxygen atom; and 
W is a — CH2 — or >C=0 group, preferably a — CH2 

group. 

Referring to the general Formula n, the substituents may 
be any from 1 to 3 selected from nitro, amino, alkylamino, 
dialkylamino, alkoxy, halo, alkyl, or hydroxy, the aromatic 
acyl group may be benzoyl and naphthoyl. The alkyl group 
Rji may be a straight chain or branched alkyl of 1 to 10 
carbon atoms, such as methyl, ethyl, n-propyl, i-propyl, 
n-butyl, i-butyl, t-butyl, n-pentyl, i-pentyl, n-hexyl, n-heptyl, 
n-octyl, n-nonyl, and n-decyl; the cycloalkyl group Rj^ may 
be a cycloalkyl group of 3 to 7 carbon atoms, such as 
cyclopropyl, cyclopentyl, cyclohexyl, and cyclohcptyl; and 
the phenylalkyl group Rj j may be a phenylalkyl group of 7 ^ 
to 11 carbon atoms such as benzyl and phenethyl. As 
examples of the heterocyclic group R^ may be mentioned 
5- or 6-membered groups each including 1 or 2 hetero-atoms 
selected from among nitrogen, oxygen, and sulfur, such as 
pyridyl, thienyl, furyl, thiazolyl, etc. When R^ is 
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the lower alkyls Rjj and R14 may each be a lower alkyl of 
1 to 4 carbon atoms, such as methyl, ethyl, n-propyl, 
i-propyl, and n-butyL When R13 and Rj4 are combined to 
each other to fomi a 5- or 6-membered heterocycUc group as 
taken together with the adjacent N atom, i.e., in the form of 
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this heterocyclic group may further include a heteroatom 
selected from among nitrogen, oxygen, and sulfur as exem- 
plified by piperidino, morpholino, pyrrolidino, and piper- 
azino. The lower alkylene group Ri^ may contain 1 to 3 
carbon atoms and thus may be, for example, methylene, 
ethylene, or trimethylene. The bond Rjj is equivalent to the 
symbol " — *\ or the like which is used in chemical 
stnictural formulas, and when Rj2 represents such a bond, 
the compound of general Fonnula n is represented by the 
following general Formula n(a) 
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Thus, when R^j is a bond, the atoms adjacent thereto on both 
sides are directly combined together. As examples of the 
lower alkyls Lj and Lj, there may be mentioned lower alkyl 
groups of 1 to 3 carbon atoms, such as methyl and ethyl. The 45 
alkylene group formed as Lj and Lj are joined together is a 
group of the formula - — (CH2)„ — [where n is an integer of 
2 to 6]. The cycloalkyl, phenylalkyl, phenyl, and heterocy- 
clic groups mentioned above, as well as said heterocyclic 
group 50 




CH2-CH 



C=0 
I 

NH 



55 



O 



may have 1 to 3 substituents in optional positions on the 60 
respective rings. As examples of such substituents may be 
mentioned lower alkyls (e.g.. methyl, ethyl, etc.), lower 
alkoxy groups (e.g., methoxy, ethoxy, etc.), halogens (e,g., 
chlorine, bromine, etc.), and hydroxyl. The case also falls 
within the scope of the general Formula II that an alkylene- 65 
dioxy group of the formula — O — {CH^^—O— [is an 
integer of 1 to 3], such as methylencdioxy, is attached to the 
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two adjacent carbon atoms on the ring to form aii additional 
ring. * 

The preferred compounds of Formula III are those 
wherein R^g and R^g are independendy hydrogen, lower 
alkyl containing 1 to 6 carbon atoms, alkoxy containing 1 to 
6 carbon atoms, halogen, ethynyl, nitrile, trifluorpmethyl, 
vinyl, or nitro; n is 1 or 2 and the pharmaceuticaUy accept- 
able salts thereof. 

Preferred in Formula IV are compounds wherein the 
dotted line represents no bond, particularly wherein D is CO 
or CHOH. More preferred are compounds wherein V is 
— CH=CH—, — CH=N— or S and n is 2, particularly 
those compounds wherein X is O and Y is N, X is S and Y 
is N, X is S and Y is CH or X is — eH=-N— and Y is CH. 
In the most preferred compounds X is O or S and Y is N 
forming an oxazol-4-yl, oxazol-5-yl, thiazol-4-yl, or thiazol- 
5-yl group; most particularly a 2-t(2-thienyl). (2-furyl), 
phenyl, or substituted phenyl]-5-methyl-4-oxazolyl group. 

The preferred compounds in Formula V are: 

a) those wherein the dotted line represents no bond, A and 
B me each CH, Xi is CO, n is O, R19 is hydrogen, Z2 
is CH2CH2 or CH=dH and X3 is hydrogen, particu- 
larly when X2 is hydrogen, 2-methoxy, 4-benzyloxy, or 
4-phenyl; 

b) those wherein A and B are each CH, Xj is S or SO2, n 
is O, Ri9 is hydrogen, Z2 is CH2CH2 and X3 is 
hydrogen, particularly when X2 is hydrogen or 
4-chIoro. 

A preferred group of compounds is that of Formula VI 
wherein R23 is (Ci-C6)alkyl, (C3~C7)cycloalkyl, phenyl, 
halophenyl, or (C,^g)alkylphenyl. Especially preferred 
within this group arc the compounds where R23 is phenyl, 
methylphenyl, fluprophenyl, chlorophenyl, or cyclohexyL 

When used herein with regard to Formulas VII through X, 
the term "aiyl" includes phenyl and naphthyl, suitably 
phenyl, optionally substituted with up to 5, preferably up to 
3, groups selected from halogen, alkyl, phenyl, alkoxy, 
haloalkyl, hydroxy, amino, nitro, carboxy, alkoxycarbonyl, 
alkoxycarbonylalkyl, alkylcarbonyloxy, or allsylcarbonyl 
groups. 

The term "halogen" refers to fluorine, chlorine, bromine, 
and iodine; preferably chlorine. 

The terms "alkyl" and "alkoxy*' relate to groups having 
straight or branched carbon chains, contaimng up to 12 
carbon atoms. 

Suitable alkyl groups are Ci_i2 si\ky\ groups, especially 
C,^ alkyl groups, e.g., methyl, ethyl, n-propyl, iso-propyl, 
n-butyl, isobutyl, or tert-butyl groups. 

Suitable substituents for any alkyl group include those 
indicated above in relation to the term "aryl". 

Suitable substituents for any heterocyclyl group include 
lip to 4 substituents selected from the group consisting of 
alkyl, alkoxy, aryl, and halogen or any 2 substituents on 
adjacent carbon atoms, together with the carbon atoms to 
which they are attached, may form an aryl group, preferably 
a benzene ring, and wherein the carbon atoms of the aryl 
group represented by the said 2 substituents may themselves 
be substituted or unsubstituted. 

Specific examples of compounds of the present invention 
are given in the following list: 

(+)-5-[[4-[(3,4-dihydro-6-hydroxy-2,5,7,8-tetramcthyl-2H- 
1 -ben20pyran-2-yl)methoxy]phenyl]methyl] -2,4-thiazo- 
lidinedione: (troglitazone); 

4- (2-naphthyhnethyl)- 1 ,2,3,5-oxathiadiazble-2-oxide; 

5- [4-[2-[N-(benzoxazol-2-yl)-N-methylaniino]ethoxy]ben- 
2yl]-5-methylthiazolidine-2,4-dione; 

5-[4-[2- [2,4-dioxo-5-phenylthiazolidin-3-yl)ethoxy]benzyll 
thiazolidine-2.4-dione; 
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5-[4-[2-[N-mcthyl-N-(phenoxycarbonyl)aniino]ethoxy]ben- 

zyI]thiazolidine-2,4-dione; 
5- [4-(2-phenoxyethoxy)beiizyl]thiazolidine-2,4-dione; 
5-[4-[2-(4-cblorophenyl)ethylsulfonyl]benzyl]thiazolidine- 

2,4-dione; 5 
5-[4-[3-(5-niethyl-2-phenyloxa2ol-4-yl)propionyI]ben2yl] 

thiazolidine-2,4-dione; 
5-[4-[(l-methyicyclohexyl)inethoxy]benzyl]thiadia2oli- 

dine-2,4-dione: (dglitazone); 
5-[[4-(3-hy(lroxy-l -methylcyclohexyl)inethoxy]benzyl] 

thiadiazolidine-2,4-dione; 
5-[4-[2-(5-methyl-2-phenyloxa2ol-4-yl)ethoxyl]benzyl]thi- 

a(iizolidione-2,4-dionc; 
5-[4-[2-(5-ethylpyridin-2-yl)ethoxyl]benzyl]thiadiazoli- 

dine-2,4-dione: (pioglitazone); 
5-[(2-benzyl-2^-dihydrobenzopyran)-5-ylmethyl]thiadia- 

zoline-2,4-dione: (englitazone); 
5-[[2-(2-naphthylmethyl)benzoxazol]-5-ylmethyl]thiadia- 

zoline-2,4-dione; 
5-[4-(2-(3-phenylureido)ethoxyl]benzyl]thiadiazoline-2.4- 

dione; 20 
5'[4-[2-[N-{benzoxazol-2-yi)-N-methylamino]ethoxy] 

benzy]thiadia2oline-2,4-dione; 
5-[4-[3-(5-inethyl-2-phenyIoxazol-4-yl)propionyl]benzyl] 

thiadiazoline-2»4-dione; 
5-[2-(5-methyl-2-phenyloxazol-4"ylniethyl)benzoftiran-5- 25 

ylmethyl]-oxazolidine-2,4-dione; 
5-[4-[2- |N-niethyl-N-(2-pyridyl)amino]ethoxy]beazyl]thia- 

zolidine-2,4-dione; and 
5-[4-[2-[N-(benzoxazol-2-yl)-N-inethylanuno]ethoxy]ben- 

zyl]-oxazolidine-2,4-dione. 30 

As defined herein, "complications of NIDDM" is referred 
to as cardiovascular complications or several of the meta- 
bolic and circulatory disturbances that are associated with 
hyperglycemia, e.g., insulin resistance, hyperinsulinemia 
and/or hyperproinsulinemia, delayed insulin release, dys- 35 
lipidemia, retinopathy, peripheral neuropathy, nephropathy, 
and hypertension. 

The compounds of Formulas I through XIII are capable of 
further fonning pharmaceutically acceptable base salts. 

The compounds of Formulas I through xm are capable of 40 
further forming both pharmaceutically acceptable acid addi- 
tion and/or base salts. All of these forms are within the scope 
of the present invention. 

Pharmaceutically acceptable acid addition salts of die 
compounds ofFormulas I through Xni include salts derived 45 
from nontoxic inorganic adds such as hydrochloric, nitric, 
phosphoric, sulfuric, hydrobromic, hydriodic, hydrofluoric, 
phosphorous, and die like, as well as die salts derived from 
nontoxic organic adds, such as aliphatic mono- and dicar- 
boxylic acids, phenyl-substituted alkanoic adds, hydroxy 50 
alkanoic acids, alkanedioic acids, aromatic acids, aliphatic 
and aromatic sulfonic acids, etc. Such salts thus include 
sulfate, pyrosulfate, bisulfate, sulfite, bisulfite, nitrate, phos- 
phate, monohydrogenphosphate. dihydrogenphosphate, 
metaphosphate, pyrophosphate, chloride, bromide, iodide, 55 
acetate, trifluoroacetate, propionate, caprylate, isobutyrate, 
oxalate, malonate, sucdnate, suberate, sebacate, fumarate, 
maleate, mandelate, benzoate. chlorobenzoate, methylben- 
zoate, dinitrobenzoate, phthalate, benzenesulfonate, tolu- 
enesulfonate, phenylacetate, citrate, lactate, maleate, tar- 60 
tiate, methanesulfonate, and the like. Also contemplated are 
salts of amino acids such as arginate and die like and 
gluconate, galacturonate, n-methyl glucamine (see, for 
example, Berge S. M., et al., "Pharmaceutical Salts," Jour- 
nal of Pharmaceutical Science \911;66:l-'l9). 65 

The acid addition salts of said basic compounds are 
prepared by contacting die free base form with a sufRdent 



amount of the desired add to produce the salt in the 
conventional marmer. The free base form may be regener- 
ated by contacting die salt form with a base and isolating the 
free base in the conventional manner or as above. The free 
base forms differ from their respective salt forms somewhat 
in certain physical properties such as solubility in polar 
solvents, but odienvise the salts are equivalent to their 
respective free base for purposes of the present invention. 

Pharmaceutically acceptable base addition salts arc 
formed with metals or amines, such as alkali dnd alkaline 
earth metals or organic amines. Examples of metals used as 
cations are sodium, potassium, magnesiimi, caldum, and the 
like. Examples of suitable amines are N,N'-dibenzylediyl- 
enediamine, chloroprocaine, choline, diethanolamine, dicy- 
clohexylamine, ethylenediamine, N-methylglucamine, and 
procaine (see, for example. Beige S. M., et al., "Pharma- 
ceutical Salts," Journal of Pharmaceutical Science 
1977;66:1-19). 

The base addition salts of said acidic compounds are 
prepared by contacting the free acid form widi a suflSdent 
amount of the desired base to produce die salt in the 
conventional manner. The free add form may be regenerated 
by contacting die salt form with an add and isolating die free 
acid in the conventional manner or as above. The free acid 
forms differ from their respective salt forms somewhat in 
certain physical properties such as solubility In polar sol- 
vents, biit otherwise the salts are equivalent to dieir respec- 
tive free acid for purposes of the ^iresent invention. 

Certain of the compounds of the present invention can 
exist in unsolvated forms as well as solvated forms, includ- 
ing hydrated forms. In general,, the solvated forms, including 
hydrated forms, are equivalent to unsolvated forms and are 
intended to be encompassed within die scope of the present 
invention. Certain of the compounds of the present invention 
possess one or more chiral centers and each center may exist 
in different configurations. The compounds can, diereforc, 
form stereoisomers. Although these are all represented 
herein by a limited number of molecular formulas, the 
present invention includes the use of both die mdividual, 
isolated isomers and mixmres, including racemates, thereof. 
Where stereospecific synthesis techniques are employed or 
optically active compounds are employed as starting mate- 
rials in the preparation of the compounds, individual isomers 
may be prepared directiy; on the other hand, if a mixture of 
isomers is prepared, the individual isomers may be obtained 
by conventional resolution techniques, or the mixture may 
be used as it is, without resolution. 

Furthermore, the thiazolidene or oxazolidene part of the 
compounds of Formulas I through Xin can exist in the form 
of tautomeric isomers. All of the tautomers are represented 
by Formidas I through XIII, and are intended to be a part of 
the present invention. 

For preparing pharmaceutical compositions from die 
compounds of the present invention, pharmaceutically 
acceptable carriers can be either solid or liquid. Solid form 
preparations include powders, tablets, pDls, capsules, 
cachets, suppositories, and dispersible granules. A solid 
carrier can be one or more substances which may also act as 
diluents, flavoring agents, binders, preservatives, tablet dis- 
integrating agents, or an encapsulating material. 

In powders, the carrier is a finely divided solid which is 
in a mixture with the finely divided active component 

In tablets, die active component is mixed with the carrier 
having the necessary binding properties in suitable propor- 
tions and compacted in die shape and size desired. 

The powders and tablets preferably contain from five or 
ten to about seventy percent Of the active compound. Suit- 
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able carders are magnesium carbonate, magnesium stearate, 
talc, sugar, lactose, pectin, dextrin, starch, gelatin, traga- 
canth, methylcellulose, sodium carboxymelhylcellulose, a 
low melting wax, cocoa butter, and the like. The term 
**preparation" is intended to include the formulation of the 5 
active compound with encapsulating material as a carrier 
providing a capsule in which the active component v^dth or 
without other carriers, is surrounded by a carrier, which is 
thus in association with it Similarly, cachets and lozenges 
are included. Tablets, powders, capsules, pills, cachets, and lO 
lozenges can be used as solid dosage forms suitable for oral 
administration. 

For preparing suppositories, a low melting wax, such as a 
mixture of fatty acid glycerides or cocoa butter, is first 
melted and the active component is dispersed homoge- is 
neously therein, as by stirring. The molten homogenous 
mixture is then poured into convenient sized molds, allowed 
to cool, and thereby to solidify. 

Liquid form preparations include solutions, suspensions, 
and emulsions, for example, water or water propylene glycol 20 
solutions. For parenteral injection liquid preparations can be 
formulated in solution in aqueous polyethylene glycol solu- 
tion. 

Aqueous solutions suitable for oral use can be prepared by 
dissolving the active component in water and adding suit- 25 
able colorants, flavors, stabilizing and thickening agents as 
desired. 

Aqueous suspensions suitable for oral use can be made by 
dispersing the finely divided active component in water with 
viscous material, such as natural or synthetic gums, resins, 30 
methylcellulose, sodium carboxymethylcellulose, and other 
well-known suspending agents. 

Also included are solid form preparations which are 
intended to be converted, shortly before use, to liquid form 
preparations for oral administration. Such liquid forms 35 
include solutions, suspensions, and emulsions. These prepa- 
rations may contain, in addition to the active component, 
colorants, flavors, stabilizers, buflFers, artificial and natural 
sweeteners, dispersants, thickeners, solubilizing agents, and 
the like. 40 

The pharmaceutical preparation is preferably in unit dos- 
age fonn. In such form the preparation is subdivided into 
unit doses containing appropriate quantities of the active 
component. The unit dosage form can be a packaged prepa- 
ration, the package containing discrete quantities of prepa- 45 
ration, such as packeted tablets, capsules, and powders in 
vials or ampoules. Also, the unit dosage form can be a 
capsules, tablet, cachet, or lozenge itself, or it can be the 
appropriate number of any of these in packaged form. 

The quantity of active component in a unit dose prepa- 50 
ration may be varied or adjusted from 0.1 mg to 100 mg 
preferably 0.5 mg to 100 mg according to the particular 
application and the potency of the active component. The 
composition can, if desired, also contain other compatible 
therapeutic agents. 55 

In therapeutic use in the treatment of at risk populations 
such as those with impaired glucose tolerance, to prevent or 
delay the onset of NIDDM and complications arising there- 
from, the compounds utilized in the pharmaceutical methods 
of this invention are administered along with a pharmaceu- 60 
tically acceptable carrier at the initial dosage of about 0.01 
mg to about 20 mg per kilogram daily. A daily dose range of 
about 0.01 mg to about 10 mg per kilogram is preferred. The 
dosages, however, may be varied depending upon the 
requirements of the patient, the severity of the condition 65 
being treated, and the compound being employed. DetcnniT 
nation of the proper dosage for a particular simation is 



within the skill of the art Generally, treatment is initiated 
with smaller dosages which are less than the optimum dose 
of the compound. Thereafter, the dosage is increased by 
small increments until the optimum effect under the circum- 
stances is reached. For convenience, the total daily dosage 
may be divided and administered in portions during the day, 
if desired. 

The compounds of Formulas I through XIII are valuable 
agents in returning an individual to a state of glucose 
tolerance and therefore preventing or delaying the onset of 
NIDDM. The following illustrates testing to show that 
compounds have the disclosed activity, usmg the preferred 
compound troglitazone. 



EXAMPLE 1 

In a blinded, randomized, fixed-dose, parallel-group, pla- 
cebo-controlled, outpatient trial, the effects of the test com- 
pound. (+)-5-[[4-[(3,4-dihydro-6-hydroxy-2,5,7,8-tetram- 
ethy 1-2H- 1 -benzopyran^2-yl)methoxy]phenyl]methyl]-2,4- 
thiazolidinedione (troglitazone), was compared with that of 
a placebo on glucose tolerance and on insulin sensitivity. 
The trial in impaired glucose tolerance (IGT) included a 
2- week screening period and a 12- week treatment period. 
Fifty-six patients were randomized to treatment with pla- 
cebo or 400 mg/day of troglitazone. Oral glucose tolerance 
tests (OGTT) and frequently sampled intravenous glucose 
tolerance tests (FSIGTT) to assess insulin sensitivity were 
periformed before study medication, and after 6 weeks and 
after 12 weeks of randomized treatment. 

Patients included in this study were adults in reasonably 
good health who have IGT by the WHO criteria as demon- 
strated by OGTT (Harris M. L, Madden W. C, Knowler W. 
C, Berrett P. H., International Criteria for the Diagnosis of 
Diabetes and Impaired Glucose Tolerance, Diabetes Care 
1985;8(6):562-7). Most of the patients that were recruited 
were relatives of patients with NIDDM, patients with a 
history of gestational diabetes mellitus, patients with a 
history of prior abnormal OGTT, or patients with other 
indicators of insulin resistance (coronary artery disease, 
obesity, hypertriglyceridemia, and hypertension). 

The OGTT was carried out according to the following 
procedure: 

Test was administered in the mortung after a 10- to 
14-hour fast. Water, but not coffee, could be consumed 
during the fast Patients were required to remain seated 
during the test. Study medication was omitted on the morn- 
ing of the test and taken with lunch. 

5 mL of venous blood was collected into a serum sepa- 
ration tube for baseline. 

1.75-g/kg body weight, up to a maximum of 75 g of 
glucose was administered orally as a liquid beverage to be 
consumed over no more than 5 minutes. 

5 mL of venous blood was collected into a serum sepa- 
ration tube every 30 minutes up to 2 hours, timing from the 
start of ingestion of the glucose. 

Each blood specimen was allowed to clot for 30 minutes. 
The specimens were centrifuged until clot and serum were 
separated by a well-formed polymer barrier. Semm was 
transferred from each specimen, using separate pipettes for 
each, into plastic vials and frozen iimnediately. If centrifug- 
ing of specimens was delayed for any reason, specimens 
were refrigerated and centrifuged as soon as possible. 
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Frozen specimens were examined for oral glucose toler- 
ance according to the WHO diagnostic criteria. 



20 



change in the average vsilue for 2-hour glucose. 
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5 


166.00 


113.00 


13,20 


13.30 


6 


158.00 


101.00 


20.00 


11.30 


7 


148.00 


81.00 


8.30 


ZOO 


8 


166.00 


172.00 


21.80 


9.30 


9 


187.00 


158.00 


22.50 


1Z20 


10 


147.00 


98.00 


12.00 


7.70 


Placebo 










1 


182.00 


155.00 


20.70 


17.20 


2 


154,00 


125.00 


10.30 


10.90 


3 


145.00 


155.00 


12.30 


IZIO 


4 


160.00 


133.00 


25.90 


11.60 


5 


184.00 


177.00 


27.70 


20.20 


6 


160.00 


193.00 


23.90 


50.30 


7 


144.00 


145.00 


5,50 


8.60 


8 


148,00 


132.00 


15,40 


1Z20 


9 


181.00 


229.00 


18.10 


27.70 


10 


170.00 


141.00 


19:80 


13.50 



PROTOCOL 1 
Summary of OGTT Glucose (mg/dL) 

Screening Week 6 Week 12 



Treatment 


Hour 


(N = 38) 


(N = 37) 


(N=:19) 


Compound A 


0 


105 


88 


95 




0.5 


173 


153 


157 




1.0 


185 


151 


162 




1.5 


170 


145 


152 




2.0 


160 


123 


131 


Placebo 


0 


102 


100 


99 




0.5 


169 


164 


163 




1.0 


184 


191 


186 




1.5 


176 


181 


176 




2.0 


162 


155 


150 
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25 



30 



35 
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Hie results of the OGTTs show that treatment with the test 
compound correlates to reduction of fasting insulin levels 
and retum of glucose tolerance to the normal range for 
approximately 70% of the subjects. With the exception of 
one placebo-responder, treatment A^itfa placebo does not 
change significandy the fasting insulin and glucose tolerance 
profiles. 



50 



55 



60 



These results show that the average value for 2-hour 
glucose from the OGTT returns to the normal range for 65 
patients treated for 6 weeks and 12 weeks wilh Test Com- 
pound A compared to placebo which shows no significant 



PROTOCOL 1 
Conversion After 6 Weeks of Treatment From IGT 
to Normal by WHO Classification 



Treatawnt 



IGT at Screening 



Converted to Normal 



Compound A 
Placebo 



18 
19 



12 (67%) 
7(37%) 



The results show that on a patient-by-patient analysis, 
significantly more persons classified with IGT convert to 
nonnal glucose tolerance after treatment with Test Com- 
pound A (67%) than with placebo (37%). 

The present invention may be embodied in other specific 
forms without departing from its spirit or essential charac- 
teristics. The described embodiments are to be considered in 
all respects only as illustrative and not restrictive- The scope 
of the invention is, therefore/ indicated by the appended 
claims ratiier than by the foregoing description. All changes 
which come within the meaning and range of equivalency of 
the claims are to be embraced within their scope. 

What is claimed is: 

1. A method of treating impaired glucose tolerance in 
order to prevent or delay the onset of noninsulin-dependent 
diabetes mellitus comprising administering to a host suffer- 
ing therefrom a therapeutically effective amount of a com- 
poimd of Formula I: 



r3o 




wherein and are the same or different and each 
represents a hydrogen atom or a C1-C5 alkyl group; 

represents a hydrogen atom, a Cj-Cg aliphatic acyl 
group, an alicyclic acyl group, an aromatic acyl group, 
a heterocyclic acyl group, an araliphatic acyl group, a 
(Ci-Cfi alkoxy)carbonyl group, or an aralkyloxycarbo- 
nyl group; 

R'* and R^ are the same or different and each represents a 
hydrogen atom, a Cj-C^ alkyl group or a Cj-C^ alkoxy 
group, or R^ and R^ together represent a C1-C4 alky- 
lenedioxy group; 

n is 1, 2, or 3; 

W represents the ~CH2— , >CO, or CH— OR^' group (in 
which R^' represents any 1 of the atoms or groups 
defined for R^ and may be the same as or different from 
R^);and 

Y and Z are the same or different and each represents an 
oxygen atom or an imino (=NH) group; 

and pharmaceuticaily acceptable salts thereof. 
2. A method of treating impaired glucose tolerance in 
order to prevent or delay the onset of noninsulin-dependent 
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diabetes mellitus comprising administering a therapeutically 
effective amount of a compound according to claim 1 in 
admixture with a pharmaceutically acceptable excipicnt, 
diluent, or carrier. 

3. A method of claim 2 comprising administering to the 
host suffering therefrom a therapeutically effective amount 
of a compound of Formula I wherein Y and Z are oxygen. 

4. A method of claim 2 comprising administering to the 
host suffering therefrom a therapeutically effective amount 
of a compound of Formula I wherein W is — CHj — . 

5. A method of claim 2 comprising administering to the 
host suffering therefrom a therapeutically effective amount 
of a compound of Formula I wherein n is 1. 

6. A method of claim 2 comprising administering to the 
host suffering therefrom a therapeutically effective amount 
of a compound of Formula I wherein Rj, R^, R4, and R5 are 
lower allcyl and R3 is H. 

7. A method of claim 2 comprising administering to the 
host suffering therefrom a therapeutically effective amount 
of a compound of Formula 1 wherein Z and Y are oxygen, 
nisi, and Wis — CHj — . 

8. A method of claim 2 comprising administering to the 
host suffering therefrom a therapeutically effective amount 
of a compound of Formula I wherein the compound is 
(+)_5_[[4-[(3,4-dihydro-6-hydroxy- 2,5,7,8-tetramethyl-2H- 
l-benxopyran-2-yl)methoxy]phenyl]mcthyl]-2,4-thiazo- 
lidinedione. 

9. A method of treating impaired glucose tolerance to 
prevent or delay the onset of noninsulin-dependent diabetes 
mellitus comprising administering to a host suffering there- 
fix)m a therapeutically effective amount of a compound of 
Formula II: 



10 
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n 
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wherein R^ is substituted or unsubstituted alkyl, alkoxy, 40 
cycloal]Q?l» phenylalkyl, phenyl, aromatic acyl group, a 
5- or 6-membered heterocyclic group including 1 or 2 
heteroatoms selected from the group consisting of 
nitrogen, oxygen, and sulfur, or a group of the formula 

45 



Rl3 



\ 



Ru 



N— 
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wherein Rjg and R14 are the same or different and each is 
lower alkyl or R13 and R14 are combined to each other 
either directly or as interrupted by a hetcroatom 
selected from the group consisting of nitrogen, oxygen, 
and sulfur to form a 5- or 6-membered ring; 

wherein R12 means a bond or a lower alkylene group; and 

wherein L, and L2 are the same or different and each is 
hydrogen or lower alkyl or and are combined to 
form an alkylene group, or a pharmaceutically accept- 60 
able salt thereof. 
10. A method of treating impaired glucose tolerance to 
prevent or delay the onset of noninsulin-dependent diabetes 
mellims comprising administering a therapeutically effec- 
tive amount of a compound according to claim 9 in admix- 65 
ture with a pharmaceutically acceptable excipient, diluent, 
or carrier. 
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11. A method of claim 10 comprising administering to the 
host suffering therefrom a therapeutically effective amount 
of a compound of Formula n wherein the compound is 
pioglitazone. 

12. A method of claim 10 comprising administering to the 
host suffering therefrom a therapeutically effective amount 
of a compound of Formula II wherein the compound is 
ciglitazone, 

13. A method of treating impaired glucose tolerance to 
prevent or delay the onset of noninsulin-dependent diabetes 
mellitus comprising administering to a host suffering there- 
from a therapeutically effective amount of a compound of 
Formula IK: 



N 



m 




(CH2>„-^ I 



N 



O 



H 



wherein Rjj and R^g are independentiy hydrogen, lower 
alkyl containing 1 to 6 carbon atoms, alkoxy containing 
1 to 6 carbon atoms, halogen, ethynyl, nitrile, meth- 
ylthio, trifluoromethyl. vinyl, nitro, or halogen substi- 
tuted benzyloxy; n is 0 to 4 and the pharmaceutically 
acceptable salts thereof. 
14. A method of treating impaired glucose tolerance to 
prevent or delay the onset of noninsulin-dependent diabetes 
mellitus comprising administering to a host suffering there- 
from a therapeutically effective amount of a compound of 
Formula rV: 



IV 




NH 



Zi 



wherem the dotted line represents a bond or no bond; 
V is — CH=CH— , --N=CH— , — CH=N— or S; 
D is CH2, CHOH, CO, O=N0Ri7 or CH=CH; 
X is S, O, NR18, — CH=N or — N=CH; 
YisCHorN; 

Z is hydrogen, (Cj-C,) alkyl, (C3-C7)cycloalkyl, phe- 
nyl. - naphthyl, pyridyl, furyl, thienyl, or phenyl 
mono- or disubstituted with the same or different 
groups which are (Ci-C3)alkyl, trifluoromethyl, 
(Gi-C3)aIkoxy. fluoro, chloiro, or bromo; 

Z' is hydrogen or (Ci-G3)alkyl; . 

Ri7 and Rjg are each independently hydrogen or 
methyl; and n is 1, 2, or 3; 

the pharmaceutically acceptable cationic salts thereof; 
and the pharmaceutically acceptable acid addition salts 
thereof when the compound contains a basic nitrogen. 
15. A method of treating impaired glucose tolerance to 
prevent or delay the onset of noninsulin-dependent diabetes 
mellitus comprising administering to a host suffering there- 
from a therapeutically effective amount of a compound of 
Formula V: 
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V 



wherein the dotted line represents a bond or no bond; 
A and B are each independently CH or N, with the 

proviso that when A or B is N» the other is CH; 
Xj is S. SO. SO2. CHOH. or CO; 
n is 0 or 1; 

Yj is CHR20 or R21. with the proviso that when n is 1 

and Yi is NR^j, X, is SO2 or CO; 
Z2 is CHRj2, CH2CH2, CH=CH, 



10 



15 



CH CH. 

\ / 
O 



20 



25 



OCH2, SCH2, SOCH2 or SO2CH2; 

R19, R20, R21. and R22 are each independently hydro- 
gen or methyl; and 

X2 and X3 arc each independently hydrogen, methyl, 
trifiuoromethyl, phenyl, benzyl, hydroxy, raethoxy, 
phenoxy, benzyloxy, bromo, chloro, or fluoro; 

a pharmaceutically acceptable cationic salt thereof; or 

a pharmaceutically acceptable acid addition salt thereof 3Q 

when A or B is N. 
16, A method of treating impaired glucose tolerance to 
prevent or delay the onset of noninsulin-dcpendent diabetes 
mellitus comprising administering to a host suflFering there- 
from a therapeutically effective amount of a compound of 
Formula VI: 



35 




O VI 



40 



O 



or a pharmaceutically acceptable salt thereof wherein R23 ^5 
is alkyl of 1 to 6 carbon atoms, cycloalkyl of 3 to 7 
carbon atoms, phenyl, or mono- or disubstituted phenyl 
wherein said substituents are independently alkyl of 1 
to 6 carbon atoms, alkoxy of 1 to 3 caii)on atoms, 
halogen, or trifiuoromethyl. 
17. A method of treating impaired glucose tolerance to 
prevent or delay the onset of noninsulin-dcpendent diabetes 
mellitus comprising administering to a host suffering there- 
from a therapeutically effective amount of a compound of 
Formula VII; 
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R24 
I 

A2-O— CO-N-(CH2)^— 




VII 



60 



or a tautomeric form thereof and/or a pharmaceutically 65 
acceptable salt thereof^ and/or a pharmaceutically 
acceptable solvate thereof, wherein: 



24 

A2 represents an alkyl group, a substituted or unsub- 
stituted aryl group, or an aralkyl group wherein the 
alkylene or the aryl moiety may be substituted or 
unsubstituted; 

A3 represents a benzene ring having in total up to 3 
optional substituents; 

R24 represents a hydrogen atom, an alkyl group, an acyl 
group, an aralkyl group wherein the alkyl, or the aiyl 
moiety may be substituted or unsubstimted, or a 
substituted or unsubstituted aryl group; or Aj 
together with R24 represents substituted or unsubsti- 
mted C2.3 polymethylene group, optional substitu- 
ents for the polymethylene group being selected 
from alkyl or aryl or adjacent substituents together 
with the mediylene carbon atoms to which they are 
attached form a substituted or unsubstituted phe- 
nylene group; 

R25 and R26 each represent hydrogen, or R25 and R26 
together represent a bond; 

X4 represents O or S; and 

n represents an integer in the range of from 2 to 6. 
18. A method of treating impaired glucose tolerance to 
prevent or delay the onset of noninsulin-dcpendent diabetes 
mellitus comprising administering to a host suffering there- 
from a therapeutically effective amount of a compound of 
Formula Vin in unit dosage form 



R27— CO 



^N-(CH2)„~X5-4-A4— 4CH--|^ \ 

R28-C0 v__y 5 

O 

or a tautomeric form thereof and/or a pharmaceutically 
acceptable salt thereof, and/or a pharmaceutically 
acceptable solvate therefor, wherein: 
R27 and R28 each independently represent an alkyl 
group, a substituted or unsubstituted aryl group, or 
an aralkyl group being substituted or unsubstituted in 
die aryl or alkyl moiety; 
or R27 together with R28 represents a linking group, the 
linking group consisting of an optionally substituted 
methylene group and either a further optionally 
substituted methylene group or an O or S atom, 
optional substituents for the said methylene groups 
being selected from alkyl-, aryl, or aralkyl, or sub- 
stituents of adjacent methylene groups together with 
the carbon atoms to which they are attached form a 
substituted or unsubstituted phenylene group; 
R29 and R30 each represent hydrogen, or R^g and R30 

together represent a bond; 
A4 represents a benzene ring having in total up to 3 

optional substituents; 
X5 represents 0 or S; and 
n represents an integer in the range of from 2 to 6. 
19. A method of treating impaired glucose tolerance to 
prevent or delay the onset of noninsulin-dcpendent diabetes 
mellitus comprising administering to a host suffering there- 
from a therapeutically effective amount of a compound of 
Formula IX: 



o vra 



25 
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A5-X«-(CH2)„-Yt 




DC 



A7-Xji-(CH2)„-Yj 



y-""^ R37 Rm ^ 



o 



X 



CH-C ^ 



NH 



O 



or a tautomeric fonn thereof and/or a pharmaceutically 10 
acceptable salt thereof, and/or a pharmaceutically 
acceptable solvate thereof, wherein; 
A5 represents a substituted or unsubstituted aromatic 

heterocyclyl group; 15 
Afi represents a benzene ring having in total up to 5 

substiments; 

Xe represents O, S, or NR32 wherein R32 represents a 
hydrogen atom, an alkyl group, an acyl group, an 
aralkyl group, wherein the aiyl moiety may be sub- 
stituted or unsubstituted, or a substituted or unsub- 
stituted aryl group; 

Y2 represents O or S; 

R31 represents an alkyl, aralkyl, or aryl group; and 
n represents an integer in the range of from 2 to 6. 
20. A method of treating impaired glucose tolerance to 
prevent or delay the onset of noninsulin-dependent diabetes 
mellitus comprising administering to a host suffering there- 
from a therapeutically effective amount of a compound of 
Formula X: 



25 



30 



35 
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or a tautomeric form thereof and/or a pharmaceutically 
acceptable salt thereof, and/or a pharmaceutically 
acceptable solvate thereof, wherein: 45 
A7 represents a substituted or unsubstituted aiyl group; 
Ag represents a benzene ring having in total up to 5 
substituents; 

Xg represents O, S, or NR39 wherein R39 represents a 
hydrogen atom, an alkyl group, an acyl group, an 
aralkyl group, wherein the aryl moiety may be sub- 
stituted or unsubstituted, or a substituted or unsub- 
stituted aryl group; 

Y3 represents O or S; 

R37 represents hydrogen; 

R38 represents hydrogen or an alkyl, aralkyl, or aryl 
group or R37 together with Rgg represents a bond; 
and 60 
n represents an integer in the range of from 2 to 6. 
21. A method of treating impaired glucose tolerance to 
prevent or delay the onset of noninsulin-dependent diabetes 
mellitus comprising administering to a host suffering there- 
from a therapeutically effective amount of a compound of 
Fonnula XI: 



55 




XI 



or a tautomeric form thereof and/or a pharmaceutically 
acceptable salt thereof, and/or a pharmaceutically 
acceptable solvate thereof, wherein: 
A^ represents a substituted or unsubstituted aromatic 

heterocyclyl group; 
R^ represents a hydrogen atom, an alkyl group, an acyl 
group, an arall^l group, wherein the aryl moiety may 
be substituted or unsubstituted, or a substituted or 
unsubstituted aryl group; 
A^ represents a benzene ring having in total up to five 

substitutents; and 
n represents an integer in the range of from 2 to 6. 
22. A method of treating impaired glucose tolerance to 
prevent or delay the onset of noninsulin-dependent diabetes 
mellitus comprising administering to a host suffering there- 
from a therapeutically effective amount of a compound of 
Formula Xn or Xm: 



xn 




xin 



or a pharmaceutically acceptable salt thereof wherein the 
dotted line represents a bond or no bond; R is 
cycloalkyl of Uiree to seven carbon atoms, naphtityl, 
thienyl, furyl, phenyl or substituted phenyl wherein 
said substituent is aUcyl of one to three carboti atoms, 
alkoxy of one to three carbon atoms, trifluoromethyl, 
chloro, fluoro orbis(trifluoromethyl); Rj is alkyl of one 
to three carbon atoms; X is O or C=0; A is O or S ; and 
BisNorCH. 
23. A method of treating impaired glucose tolerance to 
prevent or delay the onset of noninsulin-dependent diabetes 
mellitus comprising administering to a host suffering there- 
from a therapeutically effective amount of a compound 
selected from the group consisting of 
(+)-5-[[4-[(3.4-dihydro-6-hydroxy-2,5,7,8-tetrametiiyl-2H- 
l-benzopyran-2-yl)methoxy]phenyl]methyl]-2,4-thia2o- 
lidinedione: (troglitazone); 

4- (2-naphthylmethyl)-l,2,3,5-oxathiadiazole-2-oxide; 

5- [4-[2-[N-(benzoxazol-2-yl)-N-methyianiino]ethoxy]ben- 
zyl]-5-methylthiazolidine-2,4-dione; 

5-[4-[2-[2,4-dioxo-5-phenyltiiiazolidin-3-yl)ethoxy]benzyl] 

thiazolidine-2,4-dione; 
5-[4-[2-[N-methyl-N-(phenoxycarbonyl)amino]ethoxy]ben- 

zyl] thiazolidine-2,4-dione; 
5-[4-(2-phenoxyethoxy)benzyl]thiazolidine-2,4-dione; 
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5-[4-[2-(4-chlorophenyl)eihylsulfonyl]benzyl] thiazolidine- 
2,4-dione; 

5-[4-[3-(5-methyl-2^phenyloxazol-4-yl)propionyl]benzyl] 

thiazolidine-2,4-clione; 
5-[4-[(l-methylcyclohexyl)methoxy]ben2yl]thiadiazo]i- 

dme-2,4-dione: (dgliiazone); 
5-[[4-(3-hydroxy- 1 -methylcyclohexy l)methoxy]beiizyl] 

thiadiazolidine-2,4-dione; 
5-[4-[2-(5-methyl-2-phenyloxazol-4-yl)ethoxyl]benz;yl]thi- 

adizolidione-2»4-(iione; 
5-[4-[2-(5-ethylpyridin-2-yl)ethoxyl]benzyl]thiadiazoli- 

dine-2,4-dione; (pioglitazone); 
5-[(2-benzyl-2,3-dihydrobenzopyran)-5-ylmethyl]thiadia- 

zoline-2,4-dione: (englitazone); 
5-[[2-(2-naphthylnieihyl)benzoxazol]-5-ylmethyl]thiadia- 

zoline-2,4-dione; 
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5-[4-[2-(3-phenylureido)ethoxyl]benzyl]thiadiazolinc-2,4- 
dione; 

5-[4-[2-[N-(benzoxa2ol-2-yl)-N-methylamino]ethoxy] 

benzy]thiadiazoline-2,4-dione; 
5-[4-[3-(5-methyl-2-phenyloxazol-4-yl)propionyl]benzyl] 

thiadiazoline-2,4-dione; 
5-[2-{5-methyl-2-phenyloxazoI-4-ylmethyl)ben2ofuran-5- 

ylmethyl]-oxazolidine-2,4-dione; 
' 5-[442-|>I-methyl-N-(2-pyridyl)ainino]ethoxy]beiizyl]thia- 

zolidine-2,4-dione; and 
5-[4-(2-[N-(ben20xazol-2-yl)-N-methylamino]ethoxy]ben- 

zyl]-oxazolidme-2,4-dione. 

***** 
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conrected as shown below: 

Coiumn 28, line 14, after "zyl] -oxazolidine-2, 4- 
dione,", add the following claims: 

--24. The method of treating impaired glucose 
tolerance of claim 23 wherein said compotind is 
{ + ) -5- [ [4- [ (3,4-dihydro-6-hydroxy-2, 5/7, 8-tetramethyl- 
2H-l-ben2opyran-2-yl)methoxy] -phenyl] methyl] -2,4 - 
thiazolidinedione: (troglitazone) . 

25. The method of treating impaired glucose 
tolerance of claim 23 wherein said compound is 
5- [4- [2- (5-ethylpyridin-2-yl)ethoxyl] benzyl] - 
thiadiazolidine-2 , 4 -dione : (pioglitazone) . 

26. The method of treating impaired glucose 
tolerance of claim 23 wherein said compound is 
5- [ (2-benzyl-2, 3-dihydrobenzopyran) -5-ylmethyl] - 
thiadiazoline-2 , 4-dione : (englitazone) * 
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27. The method of treating impaired glucose 
tolerance of claim 23 wherein said compound is 
5- [4- [2- [N-methyl-N- (2-pyridyl) amino] ethoxy] - 
benzyl] thiazolidine-2 , 4 -dione • 
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